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GONOCOCCUS TYPES. I 

From the Pathologic Institute, Cincinnati General Hospital, and the Department of Bac- 
teriology, University of Cincinnati 

John HeriAanies 

During the past decade and a half a large amount of work has 
been applied to typing the strains of various pathogenic organisms. 
Not only has the "colon-typhoid-dysentery group" received its share 
of attention, but, more recently, the pneumococcus, the meningococcus 
and the streptococcus groups have been studied. Torrey 1 published 
results on typing of gonococci by agglutination and absorption and 

Torrey and Teague2 results of-complement fixation as a means of 

typing. On the basis of his first work Torrey came to the conclusion, 
that if the principle that specific relationships are based on the absorp- 
tion of the major agglutinins then the gonococci include a large number 
of organisms which differ among themselves as greatly as the different 

types of dysentery bacilli and streptococci. 
Despite the fact that he seemed to doubt the validity of this prin- 

ciple, nevertheless, he believed that the gonococcus group is composed 
of heterogeneous types of which three are very distinct. Six of his 
ten strains belonged to these three types. The relationships of the 

remaining four were not clear. The result of the complement fixation 
work made him more skeptical. Here type 2 could not be differentiated 
from type 1; thus giving only two distinct types. He was not quite 
sure whether the types were radically different as in the dysentery 
family, or only slight variations of the family type due to modifications 
of receptors. Still he continued to speak of them as forming hetero- 
geneous groups (types). Watabiki3 found that by complement fixa- 
tion the eight strains he worked with could be separated into two 
different groups. He was sure that the differences between them were 
not as distinct as those of the dysentery group. 'The differences among 
the gonococci were only comparative and not distinctive/, he said. 

Louise Pearce4 studied the relation between gonococci causing 
adult male urethritis and those of vulvovaginitis in small girls. She 
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1 Jour. Med. Research, 1907, 16, p. 329. 
2 Jour. Med. Research, 1907, 17, p. 223. 
3 Jour. Infect. Dis., 1910, 7, p. 159. 
* Jour, of Exp. Med., 1915, 21, p. 289. 
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used agglutination and fixation and thought that the immunity test 
offered an indication that at least a part of the clinical difference in 
the two infections was due to the inherent difference in the two types 
of organisms causing them. Yet the two types were not distinct and 

separate fron one another, the distinction being relative only. 
Dr. W. B. Wherry suggested that this problem be studied using the 

cultural methods which he and Wade Oliver found successful in grow- 
ing gonococci, i. e., partial tension methods. During the summer of 
1917 I began to collect strains of gonococci from urethritis, vulvo- 

vaginitis, and ophthalmia. The majority of these strains came from 

patients in the wards or dispensary of the Cincinnati General Hospital. 
The cases of vulvovaginitis were acute or subacute in character, from 
a few days to several weeks duration and in children from a couple 
of weeks to ten years of age. Only three were over six years of age. 
The cases of urethritis were acute, subacute and chronic. Some of 
the ophthalmias had been treated for a week or more before they came 
to my attention. 

The partial tension method was used mainly in the isolation work. 
A culture of hay bacillus on slanted solid medium was attached to a 
slanted agar tube, inoculated with the desired organisms, by means 
of a piece of rubber tubing. In this way the mouths of the two cultures 
were brought close together, and the columns of air in both were united 

through the cotton plugs. If by chance, the rubber tubing was not 

close-fitting each end was wrapped with rubber bands. By its use 
abundant growths were obtained. For comparative purposes the 
aerobic method was also applied. It gave, however, but scanty growth 
at best, and frequently none at all. This method also permitted such 

secondary invaders as were present to grow more luxuriantly or to 
dominate. Even with the partial tension method diphtheroids and 

streptococci sometimes gave considerable trouble. As a rule, however, 
a pure culture of gonococci was obtained on the first or second 

transplant. 
The medium used was an ascites agar composed of three parts of 

plain saltfree nutrient agar and one part of ascites fluid. Other 
mediums were tried, and while some of them were useful, this one was 

finally adopted as the simplest and most reliable under all conditions. 
It is interesting that gonococci prefer the saltfree material. 

No marked differences in growth could be demonstrated on mediums 

ranging in acidity from 0.5 to 1.5 (phenolphthalein), and an approx- 
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imate mean of 0.9 acid to phenolphthalein corresponding roughly to a 
neutral reaction to litmus was adopted. Rabbit-blood-agar was found 
an especially good medium. For isolation, however, it had the dis- 

advantage of being too opaque, and for stock cultures it permitted a 
too rapid dying-out of the cultures. The organisms growing luxuriantly 
at first died in the succeeding period. The cultures were kept in the 
incubator for not more than 16-20 hours and remained at room tem- 

perature, until they were transplanted, i. e., 8 to 10 days. Some strains 

appeared to be more viable and resistant than others, living for weeks 
or even months without transplanting. Whenever a culture remained 
alive for several months it was due to secondary superimposed colonies 

upon the old diffuse growth, starting as small elevated dots growing 
larger and larger till such a colony sometimes measured from 4-6 mm. 
in diameter and had when very big and fat a faint yellowish pink 
coloration. On seeing these big colonies one can be quite sure that 
the organism is alive no matter how long it has grown since the last 
transplant. Recently I found that a strain which I had given up as 
lost four months ago was still living in a capped tube that had been 
put aside. Yet that strain was a very sensitive and delicate grower. 
Some strains grow very well for a long time, and then for somcreason 
become sensitive and are propagated with difficulty. In such cases it 
may be necessary to attend to the cultures very carefully. Sometimes 
the colonies are so small that no apparent growth is visible, yet on 

spreading and reinoculation the culture may prove successful. 

Having secured several representative strains of the three different 
types of infection, rabbits were injected with them. For the weekly 
injections suspensions of living organisms were used and these were 
given intravenously and intraperitoneally in increasing doses up to an 
amount representing the growth of 4-6 slant cultures. It was found 
that by using the intraperitoneal method fewer animals succumbed 
before a high titer serum was obtained. As it was, many of the animals 
lost weight at first and even became very emaciated, but most of them 
picked up and afterwards were able to withstand large doses. From 
time to time, the potency of the serum was tested, and when a serum 
of sufficiently high titer was found, from 25-30 c c of blood was taken 
from the heart with a sterile syringe. After bleeding the animal was 
allowed to rest several weeks before injections were again resumed. 
Some rabbits responded more quickly than others and produced a 
potent serum after a month or more, others responded rather slowly. 



136 J. Hermanies 

The former finally emaciated and eventually died of some intercurrent 
infection. Nevertheless, it was possible to bleed them once or twice 
before they died. The latter generally produced a comparatively low 
titer serum and seemed to be unaffected by the treatments. 

In addition to the 49 strains obtained directly from the clinical cases 
I had at my disposal 38 strains sent to me through the courtesy of 
several laboratories, including the so-called Torrey strains. 

Fermentation tests were applied to most of the strains. Prac- 

tically none of them fermented maltose. Yet two seemed to reveal a 

slight initial acid production indicated by a faint acidity, which, however, 
after 48 hours was rendered alkaline. All of them formed acid on 

dextrose, some actively, others slightly, and only in one instance was 
the reaction doubtful. All of the fermentation tests were made under 

partial tension on agar slants. After 24 hours the tubes were separated 
and the final readings recorded 24 hours later. 

For absorption experiments large tubes (15 x 1.7 cm.) were used. 
The slant occupied two thirds of the tube and thus gave a large surface. 

Preceding the inoculation of the medium the water of condensation 
and hysteresis was removed with a pipette. 

In order to obtain clear-cut and reliable results the serum had to 
be properly diluted. For this purpose 1 c c of various dilutions of the 
serum was absorbed by the growth of one large slant of the homologous 
strain. The lowest that could be used was that dilution which after 

absorption revealed complete absence of agglutinins when tested with 
the absorbing strain. The absorption by the producing strain being 
generally more complete than that of the related ones, the dilution for 
the actual work had to be somewhat higher. A 24 hour growth was 
washed off with 1 c c of the diluted serum, placed in small heavy walled 
tubes, corked, incubated for 4-6 hours at 55 C. and left over night in 
the ice chest. The following morning the tubes were centrifuged and 
the clear fluid used for the tests. For each strain a row of small test 
tubes was set up in a wooden block with holes. The tubes were about 
3 cm. long and had a capacity of 2.5-3 c c. To all the tubes but the 
first in each row 0.5 c c of salt solution was added. Then the absorbed 
serum was placed by means of a calibrated pipette so that the first 

empty tube received 0.3 c c, and the second 0.5 c c. The contents of 
this tube were mixed and from it 0.5 cc transferred to the third tube 
and the process repeated until the desired final dilution was reached. 
In the meantime a necessary amount of a suspension of the strain of 
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gonococci that had been used in producing the serum was prepared. 
And 0.5 c c of it was added to all the tubes but the first of each set, 
which received only 0.3 c c. Thus each serum dilution was rediluted 
1-1. So that when the serum dilution used for absorption was 1-250, 
the final dilutions ranged 1-500, 1-1,000, etc. The contents of the 
tubes were thoroughly mixed by pipetting, corked, and the whole outfit 
placed in a small incubator at 50-56 C. over night. Usually a pre- 
liminary reading was made after five to six hours, but the final one 
was made the following morning, and the results recorded as follows: 
+--I?\- mean complete agglutination, i. e., all the organisms were 
gathered into large flakes and had settled in the bottom of the tube, 
leaving a clear supernatant fluid; -\?\- indicate that something like 
half of the flocculi were not well developed, and remained suspended in 
the fluid; -f- means a distinctly visible flocculation of the cells, the 

clumps being of a comparatively small size so that most of them 
remained suspended; 0 means absence of agglutination. The esti- 
mations were made entirely with the naked eye. 

table i 
Strain 1 Serum, 1 c c of 1-250 Dilution, Was Absorbed by the Growth of One Large 

Slant of the Following Strains and Tested with strain 1 

Gonococcal Strains 

0 
0 
+ 
+ 

+ + + 
+ + + 
+ + + 
+ + + 
+ + + 
+ + + 
+ + + 
+++ 
+ + + 
+ + + 
+ + + 

Immuno- 
logic 

Types 

1-4, 6-9, 12-17, 24 
27, 30, 31, 35, 39, 40, 41 
5, 10, 11, 18-23, 25, 26 
28, 29, 32-34, 36-38 
42, 45, 47, 54, 58, 63, 64, 68 
46, 50, 52, 55-57, 59, 60, 62 
69, 70, 74-76, 78 
43, 44, 48, 49, 53, 61 
66, 67, 71, 72, 77 
79, 80, 81 
82, 83 
84 
85 
Control 
Control 

Table 1 shows the absorption results of the serum of a rabbit 
injected with strain 1, isolated from an ulcerative, aortic endocarditic 
lesion in a young colored man who had acute urethritis previous to 

entering the hospital. This serum was diluted 1-250 and 1 cc of this 
dilution absorbed by the growths of one large slant each of the various 
strains, and then tested with strain 1. Forty-one strains either com- 

pletely absorbed the agglutinins or left only traces. Hence the absorb- 
ing strains must be closely related to the strain used to produce the 

Serum Dilutions 

1:1000 | 1:4000 1:8000 1:16000 

0 
0 
0 
0 

+ + + 
+ + + 
+ + + 
+ + + 
+ + + 
+ + + 
+ + + 
+++ 
+ + + 
+ + + 
+ + + 

0 
0 
0 
0 

+ + + 
+++ 
+++ 
+ + + 
++ 
++ 

+ + + 
++ 

+ + + 
+ + + 
++ 

0 
0 
0 
0 

+ + + 
+ + 
+ + 
+ 
+ 
+ 

+ + 
+ 

+ + 
+ + 
+ 

1 
1 
1 
1 
2 
2 2 
2 2 
3 
4 
5 
6 
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serum, and therefore they are placed in a group which is called type 
1. None of the other strains were able to remove any of the agglu- 
tinins incited by this strain. In a dilution of 1-200 similar facts were 
brought out. In the rearrangement of the tables the more decisive 
dilutions only were used. Strains giving identical results were handled 
collectively. The heavy type indicates that after absorption with these 
strains enough agglutinins were present to cause a partial, i. e., -l- 
agglutination of the immunizing strains in a higher dilution than that 
recorded. The variations in the higher dilutions should not be taken as 
an index of a slight binding capacity by some of the strains. It hap- 
pened as the controls show, that the agglutinability of the same strain 
varied somewhat from day to day and at times this variability was 
quite marked, and more pronounced in some strains than in others. 
Often a whole set including the controls on a certain day agglutinated 
much lower than usually. Now a serum could not be absorbed with 
all the strains at one time. About twenty strains were the most that 
could be handled in a day. They were selected at random, but usually 
included the representatives of at least two types. The records of 
these daily experiments formed the bases for compilation of the final 
tables, which were rearranged according to the serological types. Slight 
differences in the higher dilutions were present even in the daily tests 
and were due to the nature of the technic employed. Since each strain 
was handled individually a little difference in the amount of the serum 
used for washing off the growth, combined with the following separate 
dilutions of the absorbed serums, made the higher dilutions vary in 
concentration. The slight variation in the amount of growth used had 
little influence on the results, as the growth of a large and ordinary 
slant gave practically identical results. As a rule the agglutination 
of the immunizing strains after absorption by the heterologous non- 
absorbing strains was just as good or even better than with the unab- 
sorbed serum used as a control. 

Identical results were obtained with serums produced by rabbits 
injected with strains 2 and 7. These serums were of nearly the same 
potency; they were diluted 1-200, absorbed by the growth of one large 
slant of each of the various strains and tested with the homologous 
strains used in immunizing the animals. Their agglutinins were bound 
only by those strains that had absorbed agglutinins from strain 1 serum. 
Similar facts were brought out even when these three serums were 
diluted 1-100. With this dilution only the homologous inciting strains 
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were able to bind the agglutinins completely, the other type 1 strains 

generally left moderate amounts unabsorbed. 
With one group of strains disposed of the next problem was to 

type the others. Table 2 gives the results of absorption with the serum 
induced by strain 63. The serum was diluted 1-100 and Ice absorbed 

by the growth of one large slant each of the various strains and then 

reagglutinated with strain 63. It will be seen that none of the members 
of type 1 were able to absorb the agglutinins of this serum altho many 
other strains absorbed them completely. These are just as unmistak- 

ably related and form another type. This was named type 2. The 

binding capacity of strains 67, 69-74 varied, some of them at times 
were able to absorb the agglutinins completely, but on the average they 
left traces unbound. Strains 75 and 76 only partially bound the 

agglutinins; and 77 and 78 left them always completely intact Type 
2 is composed of four distinct races, indicated by the letters "a-b-c-d." 
Their relation in type 2 will be discussed later. Type 2a strains 
absorbed the agglutinins in a 1-50 dilution, the heterologous strains 
left them intact even in 1-200 dilution. Similar results were obtained 
with a serum produced by injection with strain 42. The binding 
by type 2a strains was complete in a 1-20 while strains of the other 

types failed entirely even in a 1-100 dilution. 

TABLE 2 

Strain 63 Serum, 1 c c of 1-100 Dilution, Was Absorbed by the Growth of One Large 
Slant of the Following Strains and Tested with strain 63 

Gonococcal Strains 

1, 8, 18-20, 22, 32, 33, 36 38 
2, 4, 5, 14, 21, 2&-31, 40 
7, 11, 24, 39, 41 
3, 9, 10, 12, 23, 25, 28.. 
26, 27 
42-66 
67, 69-74 
75, 76 
77, 78 
79, 80, 81 
82, 83 
84 
85 
Control 
Control 

+ + + 
+ + + 
+ + + 
+ + + 
+ + + 

0 
+ + 

+++ 
++-+ 
+++ 
+++ 
+++ 
+++ 
+++ 
+++ 

Immuno- 
logic 

Types 

1 
1 
1 
1 
1 
2a 

2b and c 
2d 
2d 
3 
4 
5 
6 

Seven strains were unable to remove any of the agglutinins of the 
serums incited by strains of the two types. Table 3 gives the absorp- 
tion results of the serum produced by injections with strain 81. The 

+ + + 
+ + + 
+ + + 
+ + + 
+ + + 

0 
0 

++ 
+++ 
+++ 
+++ 
+++ 
+++ 
+++ 
+++ 

+ + + 
+ + + 
+ + + 
++ 

+ + + 
0 
0 
o 

+++ 
+++ 
++ 

+++ 
+++ 
+ + + 
++ 

+ + + 
+ + 
+ 
+ 
0 
0 
0 
o 

+++ 
++ 
o 

+++ 
+ 

+++ 
0 

Serum Dilutions 

1:200 1 1:400 1 1:800 1 1:1600 
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agglutinins were bound completely by strains 81, 80 and 79. Identical 
facts were disclosed with a serum produced by strain 79, in a dilution 
of 1-100. Their relationship is clear and they form type 3. 

table 3 

Strain 81 Serum, 1 c c of 1-150 Dilution, Was Absorbed by the Growth of 1 Large 
Slant of the Following Strains and Tested with Strain 81 

Serum Dilutions 

1:300 1:1200 1:2400 1:4800 

Immuno- 
logic 

Types 

3, 5, 15 32, 33 
1, 2, 7, 11, 14, 16 
39, 36, 40, 41 
45, 51, 53, 54, 63, 70, 77 
49, 65, 67, 69, 73 
42, 44, 50, 57, 66, 71, 74, 76 
46, 48, 64, 68 
81, 80, 79 
83 
84 
85 
Control 

+ + + 
+ + + 
+ + + 
+ + + 
+ + + 
+ + -t- 
+ + + 

0 
+ + + 
+ + + 
+ + + 
+ + + 

+ + + 
+ + -f 
+ + + 
+ + + 
+ + + 
+ + + 

0 
+ + + 
+ + + 
+ + + 
+ + + 

+ + + 
+ + + 
+ + + 
+ + + 
+ + + 
+ + + 

0 
+++ 
+++ 

+++ +++ 

+++ 
+++ 

++ 
-f 
4- 

+++ 
4-4- 

4- 
0 
0 

4-4-4- 
0 

4-4-4- 
4- 

Table 4 shows the absorption results of strain 82 serum. Its agglu- 
tinins were removed by strains 82 and 83 only. Strain 82 absorbed 
them even in 1-20 dilution and the absorption by strain 83 was always 

complete on five repeated tests, and once with half of the normal 
amount. These two related strains form type 4. 

TABLE 4 

Strain 82 Serum, 1 c c of 1-100 Dilution, Was Absorbed by the Growth of 1 Large 
Slant of the Following Strains and Tested with Strain 82 

Gonococcal Strains 
Serum Dilutions 

1:200 1:400 

8, 16, 17, 19, 20, 32, 33, 36 
1, 5, 7, 12, 14, 18, 34, 39 
2, 4, 15, 21, 22, 38, 40 
43, 44, 48, 51, 70-72, 74, 75-78. 
50, 53, 46, 60, 64, 67, 69 
55, 59, 66, 68 
79, 80, 81 

84 
85 
Control. 
Control 

82 83 

4-4-4- 
4-4-4- 
4^4- 
4-4-4- 
4-4-4- 
4-4-4- 
4-4-4- 

0 
4-4-4- 
4-4-4- 
^4-4- 
4-4-4- 

+ + + 
4-4-4- 
4^4- 
4-4-4- 
4-4-4- 
4-4-4- 
4-4-4- 

0 
4-4-4- 
4-4-4- 
+ + 4- 
4-4-4- 

1:800 

4-4-4- 
4-4-4- 
4-4-4- 
4-4-4- 
4-4-4- 
4-4- 

4-4-4- 
0 

4-4-4- 
4-4-4- 
4-4-4- 
4-4-4- 

1:1600 

4-4-4- 
4-4- 

4- 
4-4- 
4- , 
4- 

4-4-4- 
0 

4-4- 
4- 

4-4-4- 
4- 

Immuno- 
logic 

Types 

The serum produced by the injections with strain 84 differentiates 
this strain from the others, as shown in table 5. It alone was able to 
absorb its agglutinins and thus forms a type by itself, namely type 5. 

1 
1 1 
2 
2 
2 
3 
4 
5 
6 

1 
1 
1 
2 
2 
2 
2 3 
4 5 
6 

Gonococcal Strains 
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TABLE 5 
Strain 84 Serum, 1 c c of 1-150 Dilution, Was Absorbed by the Growth of 1 Large 

Slant of the Following Strains and Tested with Strain 84 

2, 11, 40, 33 4-4-4- 4-4-4- +4-4- 4-4-4- 1 
1, 7, 35, 39, 41 4-4-4- 4-4-4- 4-4-4- 4-4-4- 1 
3, 5, 16, 17, 32 +4-4- + + + + + + + 1 
44, 45, 48, 57, 64 + + + + + + + + + + + + 2 
42, 49-51, 54, 70, 72 + + + + + + + + + + + + 2 
46, 53, 63, 65, 73 + + + + + + + + + ++ 2 
66, 69, 71, 76, 77 + + + + + + + + + 0 2 
79 + + + + + + + + + + + + 3 
80, 81 + + + + + + + + + + 3 
83 + + + + + + ! + 0 4 
84 | 0 0 j 0 0 5 
85 + + + + + + + + + ++ 6 
Control + + + +++? + + + + + + 

This leaves one strain that did not show any relation to any of 
the types, and the absorption experiments with the serum produced by 
it confirmed this. None of the strains were able to absorb its specific 
agglutinins in a 1-100 dilution, as shown in table 6. Similar facts 
were obtained in a 1-200 dilution. Strain 85, however, was able to 
bind them completely even in 1-10 dilution. 

TABLE 6 
Strain 85 Serum, 1 c c of 1-100 Dilution. Was Absorbed by the Growth of 1 Large 

Slant of the Following Strains and Tested with Strain 85 

Gonococcal Strains 

24, 25, 27, 28, 30 
2, 4, 6, 8, 29 
1, 3, 11, 16, 23, 36... 
7, 10, 12, 14, 18, 20., 
19-22, 31-34, 38 .... 
47, 57, 58, 60, 61, 63 
49, 55, 56, 64, 66 
42, 46, 48, 71, 75, 76. 
79, 80, 81 
82, 83 
84 
85 
Control 
Control 

Serum Dilutions 

1:200 

+ + + 
+ + + 
+ + + 
+ + + 
+ + + 
+ + + 
+ + + 
+ + + 
+ + + 
+ + + 
+ ++ 

0 
+ + + 
+ + + 

1:400 

+ + + 
+ + + 
+ + + 
+ + + 
+ + + 
+ + + 
+ + + 
+ + + 
+ + + 
+ + 

+ + + 
0 

+ + + 
+ + + 

1:800 

+ + + 
+ + 
+ + 
+ 
+ 

+ + + 
+ + 
+ 

+ + 
+ 
0 

+ + + 
+ + 

+ 

Immuno- 
logic 

Types 

SUMMARY 

The results of absorption experiments without question prove that 
the gonococci are a collection of organisms that falls into distinct clear- 
cut immunologic types, having very little relation with one another. The 
agglutinins of a serum produced by one type cannot be absorbed by 
any of the strains forming the other types no matter how highly the 

Gonococcal Strains 
Serum Dilutions 

1:300 1:1200 1:2400 1:4800 

Immuno- 
logic 
Types 

1 
1 1 
1 
1 
2 
2 
2 3 
4 
5 
6 
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serum is diluted and how much of the growth used. Thus strain 1 
serum was diluted 1-250 and Ice absorbed by the growth of two 

large slants of selected heterologous strains. None of them were able 
to absorb any of the agglutinins. Yet the homologous strains absorbed 
them completely in one half and one third of that amount. The 85 
strains included in this communication fell into six very distinct sero- 

logic types. By far the largest number of the strains belonged to 
either type 1 or 2. The Torrey strains from three laboratories estab- 
lished themselves as members of type 1, while of the ten strains received 
from anotler laboratory only 4 fell into this type. The remaining 6 
formed the C race of type 2.* No attempt will be made to explain this 
difference as to types in the Torrey strains as it would lead to mere 
assumptions. 

* Strain 66 is a member of the b race of type 2. 
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